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==========================

*F*emale genital tuberculosis (GTB) is a common health problem in the majority of the developing countries and infertility caused by it is reported to occur in 5%--16% of Indian women.\[[@ref1]\] The disease is predominantly caused by *Mycobacterium tuberculosis* and almost always occurs due to reactivation of the infection, may be coming from lungs to endometrium.\[[@ref2][@ref3]\] The clinical presentation of female GTB ranges from an asymptomatic, subclinical disease that may damage the genital organs to the presence of a wide spectrum of symptoms as chronic pelvic inflammatory disease, menstrual irregularities, lower abdominal pain, pelvic mass, and infertility. Early diagnosis and prompt initiation of the specific therapy are of utmost importance in the restoration of reproductive functions. Diagnostic workup requires imaging, laparoscopy, histopathology, bacteriological, and serological tests. Conventional methods such as Ziehl Neelsen stain smear examination and culture have poor sensitivity and specificity along with delayed results for the diagnosis of female GTB. In the recent times, polymerase chain reaction (PCR), especially nested protocol has been found to be the most sensitive technique for rapid detection and differentiation of *M. tuberculosis* complex (MTC) in paucibacillary clinical conditions.\[[@ref4][@ref5][@ref6]\] The heat shock protein (*hsp65*) gene is highly conserved and has already been targeted for the diagnosis of MTC.\[[@ref7]\] This gene is slightly less conserved than the 16S rRNA sequences and therefore, it provides better opportunity to target genetically related species of mycobacteria, i.e., MTC from *M. tuberculosis*.\[[@ref7][@ref8]\]

Endometrial tissue (ET) sample obtained by curettage is considered to be the ideal sample in the diagnosis of endometrial tuberculosis (TB). However, this invasive procedure is contraindicated when associated conditions such as pelvic inflammatory disease, vaginismus, cervical stenosis, and coagulopathy are present as curettage may further lead to the flaring of the existing problem. There are a few studies available which have explored the utility of molecular methods in the diagnosis of female GTB on isolated samples either endometrial tissue (ET) or menstrual blood (MB). While a study from Ethiopia has included only biopsied ET, an Indian study has included MB specimens for the detection of MTB.\[[@ref9][@ref10]\] However, they have not compared the utility of MB with endometrial biopsy in the diagnosis of GTB by using nested PCR.\[[@ref10]\] Hence, in the present study, the utility of MB specimens which may be collected repeatedly by noninvasive technique has been explored in comparison to ET in the diagnosis of female GTB.

M[ETHODS]{.smallcaps} {#sec1-2}
=====================

The present study is a cross-sectional study, carried out in Departments of Microbiology and Obstetrics and Gynaecology of Institute of Medical Sciences, BHU, Varanasi India. The total duration of the study was 3 years, from July 2013 to June 2016.

Clinical samples {#sec2-1}
----------------

Ethical approval was obtained from the Ethics Committee of the Institute of Medical Sciences, BHU, Varanasi India, and consent was obtained from each participant. A detailed history about age, parity, duration of infertility, years of living with the husband, sexual history, contraceptive used, pattern of menstrual cycle, regularity, interval, duration of flow, associated symptoms, other medical disorders, past medical/surgical history, and previous medication was obtained. General and gynecological examinations including pelvic examinations were performed. All the patients were subjected to routine investigations such as hemoglobin percentage, total leukocytes count, differential leukocytes count, erythrocyte sedimentation rate, chest X-ray, HIV I, II and abdomen and pelvic sonogram. The patients were identified as a case of GTB on the basis of morphological features observed at the time of laparoscopy. Features suggestive of TB such as frank tubercles, caseation, granuloma, and beaded tubes were looked for. The evidence of the past chronic infection in the form of thickened tubes, intraluminal caseation, and terminal hydrosalpinx with distorted tubes, tubo-ovarian masses, and flimsy adhesions in the pouch of Douglas was also accounted.

The inclusion and exclusion criteria were adopted from Bhanothu *et al*.\[[@ref11]\] All patients met the inclusion criteria, i.e., 18--40 years of age with, pelvic pain, scanty menstruation with irregular periods, dysmenorrhea, oligomenorrhea, amenorrhea, general malaise, and menorrhagia leading to the abortions. Radiological findings may or may not be indicating TB. Laparoscopic findings including: (1) evocative diagnosis of TB (occurrence of caseation, granuloma/tubercles and/or beaded/thickened tubes); (2) possible diagnosis of TB (hydrosalpinx, peritubal/periovarian adhesions, and tubo-ovarian mass without frank tubercles/caseation); (3) incidental findings (pelvic pathology other than pelvic inflammatory disease including fibroid uterus, endometriosis, polycystic ovaries); and (4) normal findings. Histopathological findings indicating chronic inflammation or lesions such as proliferative solid epithelioid granulomas, dense polymorphonuclear cells, lymphocytic infiltrations, giant or beaded cells, enlarged lymphoid cells, and accumulation of plasma and spindle cells. The demonstration of tubercle bacilli in culture, Z--N staining of MB fluids, pelvic aspirated fluids, endometrial curetting, ET biopsies, and ovarian tissue biopsies were considered. Exclusion criteria were as follows: women above 40 years of age, symptoms suggestive of pulmonary TB/extrapulmonary TB except infertility, with normal abdominal and vaginal examinations, with pregnancy or nursing, severe psychiatric dysfunctions, endocrine problems, sexual disorders, multiple sclerosis or other autoimmune disorders, pulmonary infections, HIV co-infection, women with diabetes, malnutrition, and other medical disorders such as hypertension, peritoneal adhesions due to previous abdominal surgery, infertility due to male factors, and abnormality in ovulations.

Collection of samples {#sec2-2}
---------------------

A total of 194 females were included in this study who fulfilled the inclusion criteria. ET was collected in normal saline 2--3 days before the anticipated day of next menstrual cycle, i.e., in the premenstrual phase of the same cycle. After taking informed consent and making sure that there had been no sexual exposure in that cycle, the ET biopsy samples were collected by curetting the endometrial cavity using the Novak\'s cannula with or without dilating the cervix under deep sedation or anesthesia. The patients were advised to attend the clinic on the 2^nd^ day of the menstrual cycle for the collection of MB. Menstrual flow is usually adequate on the 2^nd^ day of the menstrual cycle. Sampling was done by convenience sampling technique. MB sample was collected from the cervix by a syringe into sterile containers. Samples, hence collected were immediately sent to the microbiology laboratory for further investigation.

Polymerase chain reaction technique {#sec2-3}
-----------------------------------

### Processing of samples {#sec3-1}

The ET was finely chopped using a sterile scalpel and homogenized manually in TE buffer (TRIS -- EDTA--10 mMTris-HCl, 1 mM disodium EDTA, pH 8.0) until the solution became turbid. This was centrifuged at 10,000 g for 10 min. The supernatant was discarded, and the pellet was processed for further studies.

### Extraction of DNA {#sec3-2}

DNA isolation was done using standard, phenol--chloroform method Reid *et al*.\[[@ref12]\]

### Primers {#sec3-3}

Heat shock protein gene (*hsp65*/*groEL2*) of *M. tuberculosis* H37RV (Locus AL123456) was selected for the primer designing. This gene is conserved housekeeping gene the oligo sequences were selected in such a way to make it specific for MTC (*M. tuberculosis*, *Mycobacterium bovis*, *Mycobacterium africanum* and *Mycobacterium microti*). The outer primers were selected between the nucleotide sequence of 421891 bp and 42175 bp by using multiple sequence alignment. The nested primers were selected from the gene sequence extending from 421891 bp to 422090 bp as shown in [Table 1](#T1){ref-type="table"}.

###### 

Primers and amplification conditions targeting *Mycobacterium tuberculosis* complex

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Target gene heat shock protein 65 (*hsp65 or groEL2*)   Primer names and sequences                  Nucleotide sequences of *Mycobacterium tuberculosis* H37RV (amplicon size)   Annealing temperature and number of cycles
  ------------------------------------------------------- ------------------------------------------- ---------------------------------------------------------------------------- --------------------------------------------
  Primary round                                           hspTB*F1*: AAA AGC CGG ATG GCA ATT CG\      421751 bp- 422199 bp (448 bp)                                                65°C for 35 cycles
                                                          hspTB*R1*: ATT ACC GGC TTG GAC CCC CTG                                                                                   

  Nested cycles                                           hspTB*F2*: ATG CGG CGC ACA CCG AAG ACAAG\   211891 bp-422090 bp (199 bp)                                                 65°C for 35 cycles
                                                          hspTB*R2*: TCA ACG CGC TGT CTA GCT TGT C                                                                                 
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

T=Thymine, A=Adenine, G=Guanine, C=Cytosine

### Buffers {#sec3-4}

*Taq polymerase* enzymes and customized primers were procured from SBS Genetech Co., Ltd., China.

### Amplification of DNA {#sec3-5}

PCR reaction was carried out in 25 μl volume. Reaction mix contained 10× reaction buffer (5 μl/sample), dNTPs (0.25 mM each), forward and reverse primers (10 pmole each) and *Taq polymerase* enzyme (1 unit/reaction) and 1.5 mM MgCl~2~. The template used was ranged between 50 ng and 100 ng of DNA from each of the patient sample. Amplification was carried out on BIO-RAD system with a heated lid. The hot start method was employed by heating at 94°C for 5 min initially. Thereafter, amplification was carried out for 35 cycles at 90°C for 1 min (denaturation), 65°C for 1 min (annealing), and 72°C for 1 min (extension). An extra extension was carried out at 72°C for 7 min. The amplification products of primary PCR was again amplified with nested primers following same the protocol. The final amplification products/bands were analyzed on 1.5% agarose gel stained with ethidium bromide under ultraviolet light \[[Figure 1](#F1){ref-type="fig"}\]. Positive (DNA extracted from *M. tuberculosis* growth) and negative (double distilled water) controls were run with each batch of samples analyzed. The documentation of gel was done by Gel doc system BIO-RAD (USA). The reference strains *M. tuberculosis* ATCC H37Rvwas included to evaluate the specificity and sensitivity of nested PCR for hsp65 gene-specific primers of *M. tuberculosis*.

![Gel image showing 218 bp target amplicon from menstrual blood (up) and endometrial tissue (bottom) samples after nested polymerase chain reaction targeting heat shock protein gene of *Mycobacterium tuberculosis* complex. The 218-bp products obtained from *Mycobacterium tuberculosis* complex indicated. Lanes: L = Ladder, Pc = Positive control, Nc = Negative control, B1--B14 = Menstrual blood samples, T1--T14 = Endometrial tissue samples](JHRS-12-35-g001){#F1}

Statistical analysis {#sec2-4}
--------------------

Patients were considered to be positive for GTB when either alone results of nested PCR for ET or MB or in combination was found to be positive. The significance of MB as a diagnostic sample was evaluated against the ET sample for detection of GTB using bivariate two by two tables. Sensitivity, specificity, positive predictive values, negatives predictive values, and agreement by Cohen\'s Kappa test were calculated.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The study population has a mean age of 22.75 years (range: 19--38 years). MTC specific primers targeting hsp65 gene could amplify the desired size of amplicon in 57.7% and 49.0% of ET and MB samples, respectively \[[Figure 1](#F1){ref-type="fig"}\]. The detection rates in the two samples were statistically insignificant \[57.7 vs. 49.0 *P* = 0.08; [Table 2](#T2){ref-type="table"}\]. The positivity when combined altogether, 65% of the patients were found to be positive for the diseases \[[Table 3](#T3){ref-type="table"}\]. While 81 (41.7%) of the patients yielded *M. tuberculosis*-specific amplicon in both the samples, 16% of the patients were exclusively positive in ET and 7.2% in MB.

###### 

Comparison of the nested polymerase chain reaction result of endometrial tissue and menstrual blood samples from 194 females

  Sample   Total patients   Positive (%)    Negative (%)
  -------- ---------------- --------------- --------------
  ET       194              112 (57.7)^a^   82 (42.3)
  MB       194              95 (49.0)^b^    99 (51)

a versus b: *P*=0.08. ET=Endometrial tissue, MB=Menstrual blood

###### 

Amplification of hsp65-specific amplicon in different samples collected from the study population

  Findings                  Total patients   Number of patients (%)
  ------------------------- ---------------- ------------------------
  ET positive MB Negative   194              31 (16.0)
  ET positive MB positive   194              81 (41.8)
  ET negative MB positive   194              14 (7.2)
  ET negative MB negative   194              68 (35.0)
  Overall positivity        194              126 (65)

ET=Endometrial tissue, MB=Menstrual blood

When we considered positivity rate of ET and MB in combination and compared with positivity rate in MB, we found the positive predictive value, negative predictive value and accuracy were 100%, 68.7%, and 84%, respectively. Similarly, the positive predictive value, negative predictive value, and accuracy were 100%, 83%, 93% when positivity of ET was compared with the above-mentioned gold standard (combined positivity).

By Kappa statistics, the results of nested PCR using MB as sample alone showed good agreement with the nested PCR results of the combined samples (κ = 0.68).

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Female GTB of the endometrium is a well-recognized entity in the etiology of infertility, especially in TB endemic countries like India. The diagnosis is a challenge to the clinician as it is mostly either asymptomatic or presents with nonspecific symptoms in affected females.

It could be observed through this study that 65% of the cases of infertility were due to the tuberculous involvement of endometrium. Schaefer and Onuigbo in their two different reports have shown an involvement of ET in 50%--60% of the cases.\[[@ref13][@ref14]\] Infertility might, therefore, be occurring due to disturbed implantation of the developing embryo on the endometrium.

The mean age of acquiring endometrial TB in our study was 22.75 years. This finding has good concordance with a report published earlier.\[[@ref15]\] The finding indicates that early reproductive age is the most vulnerable period to acquire GTB. This could be because of the fact that after puberty the blood supply to the pelvic organs is increased resulting in more bacilli reaching and seeded in the reproductive organs. Many researchers have studied this aspect of female GTB comparing different diagnostic tests on ET and MB samples.\[[@ref16]\] Correct diagnosis often relies on ET sample obtained by biopsy which is an invasive procedure. MB as a sample in the detection of endometrial TB has been used in many studies, but its utility over the endometrial sample in detecting infection is still a subject to explore.

The traditional less sensitive, time-consuming, and labor-intensive methods, i.e., histopathological and mycobacteriological examinations (smear and culture) in the diagnosis of TB are now been overshadowed by more sensitive, rapid, and easier PCR-based methods. Researchers have recommended direct molecular detection of MTC be used as an adjunct to other methods of laboratory diagnosis of TB.\[[@ref17]\]

The specificity (82.9%) and sensitivity (72.3%) of the detection of MTB from MB samples in our study are in good agreement with the overall specificity and sensitivity of the PCR technique as reported by Zamirian *et al*.\[[@ref18]\] Another study has reported the sensitivity range between 55% and 90% of the detection of MTB by PCR from clinical specimens.\[[@ref19]\]

The limitations of the PCR techniques are the false-negative results (more common with MB samples in this study), which can be attributed to either paucibacillary nature, or inefficient extraction of the DNA from the sample. Thus, sampling plays an important role in the accuracy of detection of GTB. Since the involvement of the genital tract in TB could be generalized or patchy, and the technique of sample collection is blind, there is a possibility of missing the infected area when ET is collected. However, the overall positivity rate of MB can be increased by repeated sampling over a period of time. While multiple sampling for ET (invasive method) is not feasible, a noninvasive sample like MB which can be taken during different cycles and extracting DNA from a large volume of MB for PCR seems to be a better specimen in these circumstances. An added advantage of MB sample is that the MB can be collected undertaking sterile precautions by the patient itself from the periphery and can be sent to the laboratory for further workup.

Our study is unique as we have assessed the utility of nested PCR on MB over ET samples collected from the same patient. None of the studies conducted so far have made a similar comparison to the best of our knowledge. Nested PCR using MB as a sample has an insignificant difference with that of ET in our study. Thus, MB seems to have a practical utility in being a noninvasive test and could be used as a preliminary screening test for diagnosis of GTB. On the contrary, Patil *et al*. in their study did not find MB to be a potential alternative clinical sample in the diagnosis of endometrial TB.\[[@ref10]\] They had MB as well as endometrial aspirates tested by a commercial kit GEN-PROBE AMPLIFIED *M. tuberculosis* direct test which is a nucleic acid amplification test. The disparity in the results might be because of low sample size, volume, and difference in the platform of the testing or the poor selection of the cases in their study. Moreover, the authors did not perform various investigations particularly PCR of ET and MB, and acid-fast bacilli culture for every woman. Was their kit base method comparable in sensitivity with nested PCR as done in our study, is not known. For these reasons, the comparison made by them between the two samples should be interpreted with caution.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Since the detection rates in the two samples studied were statistically insignificant, therefore the nested PCR of MB seems to be a good option for diagnosis of GTB. The *hsp65* nested PCR of MB can thus be used as a noninvasive screening test for rapid detection GTB. However, further study is needed involving more cases with multiple samples for the validation of the observation made in this preliminary study.
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